SUMMARY By perianal electrical stimulation and EMG recording from the external anal sphincter three responses were found with latencies of 2-8, 13-18 and 30-60 ms, respectively. The two first responses were recorded in most cases. They were characterised by constant latency and uniform pattern, were not fatigued by repeated stimulation, were most dependent on placement of stimulating and recording electrodes, and always had a higher threshold than the third response. The third response was constantly present in normal subjects. It had the longest EMG response and the latency decreased with increasing stimulation to a minimum of 30-60 ms. This response represented the clinical observable spinal reflex, "the classical anal reflex". The latencies of the two first responses were so short that they probably do not represent spinal reflexes. This was further supported by the effect of epidural anaesthesia which left the first responses unaffected but abolished the classical anal reflex. The origin of the two first responses is discussed and models involving antidromal impulse propagation in the efferent fibre as the afferent limbs of the responses are proposed.
The anal reflex, always found in normal subjects, was originally described by Rossolimol as a contraction of the anus in response to stimulation of the perianal skin or mucosa. Not Unuch was added to his description before quantitative methods were introduced, including electrical stimulation and EMG recording of the reflex response. By such studies2 we were able to confirm that the reflex was constantly present in normal persons and that its latency decreased with increasing stimulation to a minimum latency of 30-60 ms, average 50 ms (SD 10-5). We stimulated generally with a train of five electrical square wave pulses, which is most appropriate for eliciting exteroceptive reflexes such as the flexor reflex.3 However, the short distance between our stimulating and recording electrodes generally saturated the amplifier, and we therefore blocked it for the first 10-20 ms. In this period Henry and Swash4 reported action potentials in the anal reflex in normal subjects with a latency of 8-9 ms using stimulation with one pulse of 0-1-0-2 ms duration of the perianal skin and recording with electrodes inserted into the extemal anal sphincter in the midline position posterior to the anal verge. Later they described an anal response with a latency in normal subjects within the range 5-11-3 ms.5
This paper reports our extended studies of the anal sphincter responses by perianal electrical stimulation with a single pulse and also including midline placement of the recording electrode as used by Henry and Swash.
Materials and methods
The electrical stimulation was led to the patient by a programming unit allowing independent alterations of the number, separation between and duration of the pulses and a constant current output unit. The stimuli were applied to the skin by a pencil electrode. In our extended studies one pulse with a duration of 0-2 ms was used. The impedance of the stimulating electrodes were brought below 5 kfl. The EMG of the anal sphincter was obtained by bipolar intramuscular needle electrodes inserted through the skin just outside the anocutaneous junction into the external anal sphincter, or as used by Henry and Swash, in the midline position posterior to the anal verge. The signals from the electrodes were fed through EMG amplifiers to our data recording equipment.6
Ten normal subjects were investigated with recording electrodes placed in the midline, and more than 60 persons including normal subjects and spastic patients have so far been investigated with placement as used in our previous 770
Anal sphincter responses after perianal electrical stimulation work, and all were stimulated with one electrical pulse and also studied for early responses.
Results
In the 10 normal subjects investigated with midline electrodes, the classical anal reflex was recorded in all, but faster responses only in five of them.
In the persons investigated with our usual placement of recording electrodes outside the midline, the fast responses were found in most of the subjects, but movements of the recording and stimulating electrodes were often necessary to obtain these reactions. The classical anal reflex was recorded in all, but minimum latency was not obtainable in many cases with single pulse stimulation.
The early responses could generally be separated into two parts. The first with a latency of 2-8 ms and the second with a latency of 13-18 ms. In some of the subjects only one of the early responses was recorded, but in most subjects both were present, but generally with different thresholds. In all cases the early responses had a higher threshold than the classical anal reflex. In some cases also minor later responses were recorded, but they were not systematically investigated. The early responses had a very constant latency (fig 1) and the electrical pat- tern was uniform when a certain placement of stimulation and recording electrodes was used and generally they showed no signs of fatigue (fig 2) . The classical anal reflex had the longest response (fig 3) . In the elicitation of the early responses, especially the fastest, stimulation on the same side as the recording electrodes were found necessary. By midline recording electrodes, the fast reactions usually could be elicited by stimulation only on one side.
We had the opportunity to investigate these responses in a patient before and during epidural anaesthesia indicated for surgical intervention. Before the anaesthesia a very powerful classical anal reflex was found with a threshold of 2.5 mA, but this response was abolished during anaesthesia, even after stimulation with 85 mA. The early responses To elucidate the nature of these responses, the theoretical peripheral transit time can be of value. According to morphological7 and electrophysiological studies8 the sphincters are innervated mainly from Si, S2, and S3. From measurements on five skeletons we have estimated the length of the pudendal nerve from the S2 segment situated at the level of the body of the 12th thoracic vertebra to the anal sphincter to be at least 35-37 cm of which about 20 cm represents intravertebral distance. This is in contrast to the findings of Henry et a15 who measured the distance in two cadavers and found it to be 20 and 28 cm, respectively. The conduction velocity in the efferent fibres of the pudendal nerve has been recorded to be about 56 m/s by Chantraine.9 Using this figure, like Henry et al, both for efferents and afferents results in a minimal peripheral transit time of about 12*5 ms. If a conduction velocity of about 70 m/s for cutaneous sensory nerves is used for the afferents the theoretical peripheral transit time is about 11 ms, and if the involved afferents are proprioceptive fibres with a conduction velocity of about 120 m/s, it is about 9 5 ms. A spinal source for the responses seen 2-8 ms after stimulation thus is excluded. This is strongly supported by the observations during epidural anaesthesia which left the fast reactions unaffected, but abolished the classical anal reflex.
A direct stimulation of the efferent nerves resulting in muscle contraction might be a possibility, as stimulation with electrical pulses of a duration of 0.2 ms or less differentially activate the efferent nerves.'0 Such an explanation of the first reaction, however, is unlikely since efferent nerves with a much slower conduction velocity than is known would be involved. In our laboratory it was demonstrated in rats that some pelvic muscle motoneurons innervate two different muscles, so peripheral axon collaterals exist in this group of neurons. Moreover, the presence of peripheral extra-muscular collaterals of the axons of motoneurons innervating the gastrocnemius muscle has been demonstrated physiologically in man." The fastest anal sphincter response could be due to a direct nerve stimulation with impulses travelling antidromic in the efferent nerve to the point of branching and then anterograde in the collateral division of the pudendal nerve. This would be in accordance with the high threshold level found and the very constant latency and uniformity of the electrical pattern, when a certain placement of stimulating and recording electrodes was used. It would also fit the lack of habituation; the strictly ipsilateral appearance and the presence in spite of epidural anaesthesia.
The latencies of the second anal sphincter response might give time for a spinal reflex, but other explanations can be put forward. Gogan 
